healthy animals by cardiac puncture. The serum was separated, assayed for complementary activity, and stored at -200C. The average complement level was 1,350 haemolytic units per ml. Complement was inactivated by heating at 560C. for 30 minutes or by the addition of 25 [A moles of ethylenediaminetetracetate disodium (EDTA) per ml. (Levine, Cowan, Osler, and Mayer, 1953) .
Washed and unwashed spirochaete suspensions were stored overnight at room temperature, or in the refrigerator at about 40C., or in the freezer at -200C. Samples of each of the washed-cell suspensions were incubated at 37°C. for 60 minutes with active, or heatinactivated (56 C; 30 min.), or EDTA-inactivated guinea-pig serum. A sample of serum containing equimolar amounts of EDTA and Ca+ + was used also, as a control for the EDTA inactivation, and a suspension of cells without added serum served to control any nonserum mediated changes. A ratio of 0-3 ml. suspension to 0 * 2 ml. serum was used. Similar amounts of unwashed cell suspensions were incubated in parallel with active serum and without added serum. Trypsin (Worthington Biochemical Co., Freehold, N. J.) and lysozyme (Mann Research Laboratories, New York, N. Y.) in buffered N-butanol (0 * 033M phosphate, pH 7 * 3), as suggested by the work of Noller and Hartsell (1961) , were added to 0 3 ml. samples of suspensions of freshly-extracted washed spirochaetes and to similar samples of unwashed spirochaetes. The final volume, 0 5 ml., contained 200 jig. of each enzyme, and 2 per cent. v/v of N-butanol. The mixtures were incubated at 45°C. for 45 minutes. In addition, the possibility of lytic action by either of the enzymes or by the alcohol separately, or in the several combinations, was studied. Further, the lytic action of a combination of EDTA and lysozyme, with and without added N-butanol, was determined. Enough EDTA was added to yield a final concentration of 12 F±M per 0-5 ml. When guinea-pig serum (0 2 ml.) was added after the first incubation, the mixtures were re-incubated at 37°C. for 30 min.
The extent of lysis was estimated from the number of intact cells per 100 still recognizable spirochaetes under darkfield illumination at 450 diameters. It is reported as a percentage of intact cells (Nevin and Guest, 1967 (Caulfield, 1957) (Kellenberger, Ryter, and Sechaud, 1958; Listgarten, Loesche, and Socransky, 1963 Suspensions of washed spirochaetes which had been freshly prepared and stored overnight at room temperature or in the refrigerator at about 40C. were not affected when active guinea-pig serum was added. However, suspensions that had been stored overnight at -20°C. underwent extensive lysis. When heat-inactivated or EDTA-inactivated guinea-pig sera were mixed with susceptible cells, lysis was markedly reduced, whereas the inclusion in active serum of equimolar amounts of EDTA and Ca + + permitted lysis to occur (see Table I , overleaf). Darkfield examination revealed no visible damage to the spirochaetes before the addition of the active guinea-pig serum. Lysozyme, used by itself on spirochaetes which had been frozen, caused no visible damage either. However, the electron micrograph of an otherwise untreated frozen cell An electron micrograph of a trypsinized cell is shown in Fig. l(d, opposite) . The outer envelope of this cell appears to have been lost. Only remnants of it can be seen near the protoplasmic cylinder. The surface of the protoplasmic cylinder seems undamaged, although some loss of internal materials may have occurred. In contrast, a lysozyme-treated cell Fig. l(e, overleaf) has an apparently intact outer envelope. The surface of the protoplasmic cylinder, however, is no longer clearly defined, and the internal material seems mottled. Fig. 1 (f, overleaf ) (Tables I and II) . After washing, it was possible to degrade T. pallidum enzymatically provided some form of pretreatment was carried out. The data in Table I, for example, indicate that freezing at -200C. alters the cell structure in some manner; thus the cell becomes more susceptible to the lytic action of fresh guineapig serum. That the cell structure is in fact visibly altered by freezing may be seen in the electron micrograph [ Fig. 1(c) ]. The swelling and stretching of the outer envelope of the spirochaete is easily seen. No significant physical change is seen in the structure of the protoplasmic cylinder.
As has been shown previously with other spirochaetes (Nevin and Guest, 1967) , when guinea-pig serum was inactivated with EDTA or by heating (560C.; 30 min.) no lysis of pre-treated T. pallidum occurred. Serum treated with equimolar amounts of EDTA and Ca+ +, however, retained its lytic action. It is most probable, therefore, that complement is also needed for the degradation of T. pallidum in fresh guinea-pig sera.
Trypsin and complement apparently act to achieve the same end-result on T. pallidum in that the presence of either material was required for degradation by lysozyme. For example, when cells were incubated at 450C. for 45 min. with trypsin and lysozyme, about one-half of them were lysed.
Similarly, upon incubation of active guinea-pig serum and re-incubation at 370C. for 30-45 min., . . .Q _ .r ... . ... .~~~~~p (e) A washed cell which had been incubated with lysozyme at 45°C. for 45 minutes. x 52,100. The outer envelope (OE) of the lysozyme-treated cell may be seen clearly, whereas the protoplasmic cylinder (pc) seems to have lost its structural integrity. appreciable lysis occurred (Table II) . It does not follow, however, that pre-treatment by freezing has the same effect as incubating at 45°C. for 45 minutes, since cells incubated at this higher temperature did not lyse when treated with active guinea-pig serum (Table I and II) . Neither was there evidence of damage when untreated washed cells were examined by electron micrography [ Fig. 1(b) ].
The enhancing effect of N-butanol may also be seen in Table II . Only about 22 per cent. of the cells remained intact when suspensions were incubated with butanol, trypsin, and lysozyme, but 51 per cent. remained intact when butanol was omitted. In similar experiments in which guinea-pig serum and cells pre-incubated with lysozyme were used, the results were 8 and 25 per cent. respectively. These are in general agreement with the observations of Noller and Hartsell (1961) concerning the effect of butanol on the lysis of certain Enterobacteriaceae. In this connexion it is interesting to point out that, upon the addition of guinea-pig serum to suspensions of T. pallidum pre-incubated with EDTA, lysozyme, and N-butanol, lysis was almost complete, whereas it was not extensive when butanol was omitted from the mixture (Table II) . N-butanol obviously aids in making the cell more susceptible to attack by lysozyme and complement; however, this observation has not been pursued further.
The electron micrograph of T. pallidum which had been subjected to tryptic digestion [ Fig. 1(d) ] is similar to that presented by Swain (1955) . Both indicate a rather badly damaged cell envelope, and an apparently intact protoplasmic cylinder. Swain, however, used unwashed Fig. 1(e) ] appears relatively undisturbed, but the boundary of the protoplasmic cylinder is no longer clearcut, and the internal structure of the cylinder seems degraded. The action of lysozyme on Borrelia vincentii, in the presence of complement, also seems limited to the protoplasmic cylinder, which appeared to be degraded during the early stages of digestion leaving an apparently hollow cell when examined by darkfield microscopy (Nevin and Guest, 1967) .
In studies of the Reiter treponeme, Pillot (1965) determined that the materials which could be made (Neurath and Schwert, 1950) and could have mediated both proteolysis and lipolysis in the absence of the alcohol (Table II) . The first component of complement is known to have esterase activity (Ratnoff and Lepow, 1957) ; therefore explanation of its role in spirochaetolysis may also be related to a lipoprotein envelope. Furthermore, these observations suggest a somewhat different approach to studies of immunity in spirochaetal BRITISH3'OURNAL OF VENEREAL DISEASES infections, since it is reasonable to expect the employment of enzyme-substrate specificity as a means of altering in vitro the antigenicity of the infectious agents.
Summary
Unwashed T. pallidum propagated in rabbit testes were not lysed under any of several experimental conditions. Immunofluorescent testing indicated the removal of material containing rabbit globulin from such cells by washing them in 0 -003 M phosphate buffer (pH 7 3). Electron micrographs also indicated the loss of some material occluded on the outer surfaces of the spirochaete, as a result of washing. After washing, lysis could be effected by freezing at -20°C., then incubating with active guinea-pig serum. Lysis was also effected by incubation with trypsin and lysozyme at 45°C. Similarly, spirochaetolysis occurred when cells that had been pre-incubated with lysozyme at 45°C. were then incubated with active complement (guinea-pig serum) at 37°C. Both of these reactions were enhanced by N-butanol, whereas no lysis occurred if the complement was inactivated by heat or EDTA.
Electron micrographs revealed mechanical damage to the outer envelopes of spirochaetes which had been frozen at -20°C. Trypsin digested the outer envelope, leaving the protoplasmic cylinder apparently undamaged. Conversely, lysozyme attacked the protoplasmic cylinder, leaving the outer envelope relatively undisturbed.
